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Abstract : The effects of isochronal exogenously applied synthetic-GA3, fungal-gibberellic acid and
different light on the sheath length of the second leaf of Oryza sativa L.cv.Tan-ginbozu were
determined under controlled environmental conditions.
Our results showed that the effect of fungal-gibberellic acid on the sheath length of the second leaf
is higher than that on the control groups (group of 1/2N Hoagland culture solution and group of 1/2N
Hoagland culture solution+methanol); however, synthetic-GA3 was more effective on the length of
the second leaf than fungal gibberellic acid. Moreover, it was identified that the effect of red light is
higher than that of fluorescent light on the growth of the second leaf. Our study has shown that red
light and exogenously applied GA3 together have synergistic or supplemental effects on the sheath
lengths of the second leaf of dwarf rice Tan-ginbozu.
Key Words: Dwarf rice, sheath lengths of second leaf, gibberellin (GA3), light

Introduction
Plants sense differences in light conditions in their growth environment. This fact shows
that photosynthetic organisms adapt themselves to light.
Light controls the plant's structural development or morphogenesis. The control of morphogenesis by light is called photomorphogenesis (1,2).
There are photoreceptors known to affect photomorphogenesis in plants. One of the well
known photoreceptors is phytochrome and it absorbs mostly strong red and far-red light.
Cryptochrome is another photoreceptor, an unidentified pigment that absorbs blue light and
long-wave ultraviolet wavelengths. Cryptochrome was named because of its special importance
in Cryptogams (nonflowering plants). Phytochrome is the most important photoreceptor in vascular plants (3). Phytochrome and other photoreceptors control morphogenic processes begin45
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ning with seed germination and seedling development and culminating in the formation of new
flowers and seeds.
There are various studies to date which mention increased growth responses controlled by
light in plants, but there are some contradictory results. For example, while it is reported that
light caused increases in rice and oat coleoptile growth (4, 5), there are also reports related to
the inhibition of such growth (6, 7). These researchers showed that the essential photoreceptor pigment controlling oat shoot growth is phytochrome. Kende and Lang (8) reported that
the prevention of stem growth caused by light is widespread in plants. Moreover, it is reported that red light is fairly effective in leaf opening and in this case phytochrome plays an important role (9).
Research has shown that light conditions and plant hormones are interrelated. This emphasizes the fact that the effect of light on plant growth and development should be considered to
determine the effect of plant hormones. For example, it is known that exogenously applied gibberellin has a number of effects on plants: 1) It prevents the regulatory effect of light on plant
growth and development (8); 2) It avoids dwarfism and stimulates normal stem elongation
(10); 3) It has an effect similar to that of red light in controlling shoot elongation in plants (11).
Moreover, as supported in the literature, when the red light and gibberellin are applied together, they have a synergistic effect on plant growth (8,12,13). For example, it is reported that
exogenous GA3 application can activate the phytochrome on seed germination which is dominated by photocontrol (14). As a result of this, there is an increase in seed germination (15).
It is also stated that besides gibberellin, other plant hormones also have significant effects on
plant growth and development when applied together with light (16,17).
Our findings showed that there are relations between hormonal control-photocontrol and
plant growth. This research aims to reveal these relations. Moreover, in this study we tried to
determine the effect of fungal gibberellic acid produced by Phanerochaete chrysosporium
ME446 on the sheath length of the second leaf of Oryza sativa L.cv. Tan-ginbozu.

Materials and Methods
In our study, Oryza sativa L.cv. Tan-ginbozu* (rice cultivar) seedling micro-drop method
was used (18,19). Application groups were as follows:
a) Group of 1/2 N Hoagland culture solution (control) (20,21).
b) Group of 1/2 N Hoagland culture solution (8.5 mL)+methanol (1.5 mL) (control).
c) Group of synthetic GA3 (10-4 M) (Sigma G7645).
d) Group of fungal gibberellic acid (10-4 M) (22).
* Oryza sativa L.cv. Tan-ginbozu was kindly provided by Prof. N. Murofushi (Department of Agricultural Chemistry,
Faculty of Agriculture, Yayoi, Bunkyo-ku, Tokyo 113, Japan.
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Fungal gibberellic acid (10-4 M) was obtained from the culture medium and mycelium of
Phanerochaete chrysosporium ME446 was incubated in stock basal mineral (SBM) in shaking
incubation at 150 rpm. Fungal gibberellic acid was the equivalent of synthetic GA3 (22).
Solutions of both synthetic GA3 (10-4 M) and fungal gibberellic acid (10-4 M) were prepared
in 1.5 mL methanol and 8.5 mL Hoagland culture solution.
Germination and growing process of Oryza sativa L.cv. Tan-ginbozu dwarf rice seeds were
performed according to Cihangir and Aksšz (23). 144 seeds were swollen in water for 2 days.
12 seeds were placed in each application medium. Application groups were left to germinate at
25±2¼C/18±2¼C (day/night) temperatures, in relative moisture at 65±5%, and under a light
source at 10,000 lux. (fluorescent light 90%, incandescent light 10%), and at 15 h/9 h
(light/dark) periods. The seeds were left to germinate in the same temperature and moisture
conditions continuously in the red light. Red light was supplied by incandescent light (General
Electric: 100 watt, light intensity: 80 lux; distance from plants approximately 50 cm).
20 µL of solution was applied by the micro-drop method on each seed (18). Applications
were repeated for 3 days. Sheath lengths of the second leaf of seedlings were measured with
compasses. All treatments were repeated 3 times. Statistical analysis of the research was done
with Statistica 5.0. The significance between the groups was identified with ANOVA (24).

Results
The sheath lengths of the second leaf of Oryza sativa L.cv. Tan-ginbozu in fluorescent light
and red light are shown in the Table. The lengths were 13.52 mm in fluorescent light, and
24.90 mm in red light in 1/2 N Hoagland culture solution. However, the lengths were 12.91
mm and 27.10 mm in 1/2 N Hoagland culture solution+methanol, respectively. In the presence
of fungal gibberellic acid (10-4 M), the lengths were 24.88 mm and 28.10 mm, respectively. In
the presence of synthetic GA3, the lengths were 55.61 mm and 78.70 mm for flourescent light
and red light, respectively.
The results of the statistical analysis showed that the differences between the application
groups and the lights were found to be significant in terms of the sheath lengths of the second
leaf (P<0.05). Furthermore, the type of light created a statistically significant difference in the
sheath lengths of the second leaf (P<0.05). The effect of red light was found to be especially
significant on the control groups and synthetic GA3 (P<0.05).
Discussion
According to our results, the effects of synthetic GA3 and fungal gibberellic acid in both
types of light on sheath lengths of the second leaf were found to be significantly different
(P<0.05) when compared with the results of both controls (Table).
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Table

The Sheath Lengths of the Second Leaf of Oryza sativa L.cv. Tan-ginbozu in Fluorescent Light and Red Light.
Sheath LEngths of Second Leaf (mm)

Application Groups
Fluorescent light

Red light

1/2 N Hoagland culture solution (control)

13.52±0.03

e

24.90±0.04d

Control + methanol (control)

12.91±0.05e

27.10±0.01c

Synthetic GA3 (10-4 M)

55.61±0.19b

78.70±0.55a

Fungal gibberellic acid (10-4 M)

24.88±0.47d

28.10±0.25c

a, b, c, d, e letters in columns show the significant differences at P<0.05.
LSD 0.05 : 1.897

The sheath lengths of the second leaf were 55.61 mm and 24.88 mm in fluorescent light,
and 78.70 mm and 28.10 mm in red light for synthetic GA3 and fungal gibberellic acid, respectively. Our findings are supported by Laloraya et. al. (25), who found that the application of
exogenous GA3 (10 µg/mL) caused an increase in the hypocotyl length of Amaranthus caudatus
L. seedlings (app. 30%) with respect to control groups. Researchers have reported that the
hypocotyl lengths were 7.88±0.75 mm in the controls, and 10.35±1.29 mm in the GA3 group.
Also, it was reported that the application of exogenous gibberellic acid increased the growth
potential of the embryonic axis in lettuce (Lactuca sativa L. var. New York 515) (26).
Bewley (13) and Carpita et. al. (27) have reported that the rate of germination of lettuce
seeds was increased by GA3.
Also, differences between sheath lengths of the second leaf obtained in synthetic GA3 and
fungal gibberellic acid in both fluorescent and red light are significant (P<0.05). These results
show that the fungal gibberellic acid had an effect on the sheath length of the second leaf.
Fungal gibberellic acid has less effect than synthetic GA3 on the sheath length of the second leaf.
Thus, it may be concluded that gibberellic acid obtained from the Phanerochaete chrysosporium ME446 can have a partial effect on plant growth and development.
Cihangir and Aksšz (23) found that the sheath length of the second leaf of Tan-ginbozu was
53 mm. when 100 µg GA3 obtained from Aspergillus niger was applied. However, in our study,
the application of fungal gibberellic acid (10-4 M) to Tan-ginbozu, which is equivalent to 100µg
of GA3 from Aspergillus niger, increased the sheath length of second the leaf to 24.88 mm.
When the effect of gibberellic acid obtained from Phanerochaete chrysosporium ME446 is compared with that of GA3 obtained from Aspergillus niger, it is found to be lower.
When the Table is examined, it is seen that the sheath lengths of the second leaf in all treatments were remarkably higher under red light than under fluorescent light (P<0.05). This
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result clearly shows that the effect of red light on the sheath length of second leaf was higher
than that of fluorescent light. Similar results on the effect of red light on various plant growth
and development have also been reported by other researchers (8, 27).
The results of our research support the idea that the application of light together with GA3
has a remarkable effect on plant growth and development. This finding was also supported by
other researchers (8,12,13,28).
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